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Summary 
(1) Using the time series data (12-14/11/92) it was found 
that the majority of fish ascending Smithy Beck did so 
between the period 16.00 to 21.00 hours. 
(2) Males dominated the upstream run, however the sex ratio 
was not always significantly different from 1:1. 
(3) Some of the fish caught moving upstream could not be 
accounted for by the end of the sampling period (08.00 
hours the following day). Either the fish continue to drop. 
back into the lake after 08.00 hours or stay in the beck 
during the day. Examples, exist to support both scenarios. 
(4) There was a recapture component in many of the upstream 
samples of fish (16% to 42% in Smithy Beck in 1992 and 17% 
to 57% in.Smithy Beck, 1993). Both females and males were 
recorded making successive upstream migrations. 
(5) Some of the fish originally caught in the Liza (11% in 
1992) were at a later date recaptured in Smithy Beck. This 
interaction between the fish from the two streams may give 
an insight to the degree of stream specificity exhibited 
by these fish. 
(6) The combination of recaptures and the interaction of fish 
between the two streams means that the actual number of 
new fish running is less than it would first appear. 
(7) 10 fish originally caught in 1991 were recaptured in 1992, 
growth increments of 0.9 to 2.7 cm were recorded. 2 0 of 
the fish tagged in 1992 were recaught in 1993 and their 
growth increments ranged .from 0.1 to 2.0 cm. 
(8) It was inferred that the majority of fish were aged 
between 5 and 9. In 1991 the bulk of the fish were between 
4 and 8 years old. 
(9) The use of an infra red video recording system in Smithy 
Beck could be a useful method of monitoring the 
spawning migration, but requires further development. 
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Arctic Charr From Ennerdale Water - Relicts Of The ice Age 
1. Introduction 
The work discussed in this report follows up some of the 
recommendations put forward in the pilot study carried out in 
1991 (Farooqi et al. , 19.92) and deals with aspects of the 
ecology of Arctic charr (Salvelinus alpinus, L.). The main 
aims of the study were: 
(1) To assess the relative abundance of migrants entering 
the River Liza and Smithy Beck. 
(2) To assess the degree of stream specificity. 
(3) To determine the period of residency in the streams. 
(4) To obtain a better understanding of migratory 
behaviour. 
(5) To determine the growth rate of mature fish. 
(6) To determine the morphometric and meristic attributes. 
In conjunction with this work a study was carried out to 
investigate the feasibility of using a video recording system 
to monitor the migration of charr in Smithy Beck. Infra red 
photography has proved invaluable in obtaining images of 
salmonids for fish counter validation exercises (Beach, 1978; 
Dunkley & Shearer, 1982; Reddin et al., 1992; Nicholson & 
Aprahamian, 1993). 
Other areas of work currently being addressed but not forming 
part of this report include: 
(a) Analysis of the hydroacoustic survey data obtained in 
1990-1992 (Northern Area Fisheries Staff). 
(b) To assess the effect of pH and aluminium concentration 
on the growth and development of charr eggs (BSc. 
dissertation, Liverpool University). 
.The spawning migration in the River Liza and Smithy Beck 
generally occurs over a period of 14 days during November. The 
earliest authenticated record of the start of the spawning 
period is the 5 t h of November, in 1992, (D. Pearson pers. 
comm.) and it was observed to continue until at least the 22 
of November, in 1993. By comparison, Frost (1965) observed 
that in the River Brathay spawners from Lake Windermere had a 
peak spawning period between 12-18 November within a range 
extending from the 21. of October to the 4 t h of December. 
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2. Description of the study area 
Details of the study area (Fig. 1) can.be found in Farooqi et 
al. (1992) . 
3. Methods 
All sampling was carried out using two fyke nets arranged in 
opposite directions so that the upstream migrants collected in 
one net and downstream migrants in the other. In Smithy Beck, 
and the River Liza the nets were set approximately 2 0m and 
200m from the mouth of the stream, respectively. As charr are 
believed to ascend these streams during darkness sampling 
aimed to commence at dusk and continue until dawn. The fyke 
nets were to be examined at hourly intervals throughout this 
period so that information on catch rates and period of 
residency could be established. In 1992 sampling difficulties 
were encountered (due to high flows) which meant that hourly 
sampling could only be carried out successfully on two 
occasions (12/11/92 - 13/11/92). 
The 1992/3 sampling dates and fyke net haul times are shown in 
Table 1. In 1992 Smithy Beck was sampled on two occasions. The 
first of these was on 07/11/92 when the fyke nets were emptied 
and the fish examined at 20.30 and 05.00 hours (08/11/92). 
Sampling was resumed on the 11/11/92 when the upstream nets 
were examined at 19.00 and 23.50 hours and the downstream nets 
examined at 20.45 and 00.05 hours (12/11/92). On the 12/11/92 
the upstream and downstream nets were checked at hourly 
intervals from 18.00 to 08.00 hours (13/11/92). The same 
procedure was then followed from 19.00 hours on the 13/11/92 
to 08.00 hours on the 14/11/92. 
The River Liza was sampled once on the 06-07/11/92, the nets 
being emptied on three occasions - 20.15, 22.00 and 01.10 
hours. 
In 1993 sampling was carried out for one day on Smithy Beck 
(17/11/93, 17.00-23.00 hours) and two days on the Liza 
(18/11/93, 17.00-24.00 hours, and 22/11/93). 
Each fish was anaesthetised using phenoxyethanol and the sex 
and fork length (nearest mm) recorded. In addition, each fish 
was marked with a visual implant tag and its adipose fin 
removed. The fish were then released a short distance away 
from the nets on the side appropriate to their original 
direction. No scale samples were taken as they were found to 
be difficult to remove. In addition, some authors have found 
them to be unsuitable for age determination, one of the 
problems being the under ageing of older fish (Kipling and Le 
Cren, 1984; Maitland et al., 1991; Elliott, 1993). 
12 fish were.collected in 1991 for morphometric and meristic 
analysis. These were aged by examination of the otoliths which 
were rubbed down with fine grain sand paper and held in a 
solution of methyl salicylate. 
Fig. 1 The Sampling Sites at Ennerdale Water 
Table 1 The Sampling Programme for Smithy Beck and the River Liza 
On the 06/11/92 and 07/11/92 the nets were set at 19.15 and 16.00 hours, respectively. The nets were 
set 1 hour prior to sampling on all other occasions. 
All times include upstream (U) and downstream (D) fyke net inspections unless otherwise indicated. 
* An additional sample was also taken from the Liza, 22/11/93. 
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Chi-squared analysis was used to test for significant 
differences in the sex ratios. 
An infra red video recording system was installed over Smithy 
Beck with the aim of obtaining images of migrating charr which 
may be compared to simultaneously collected fyke net catch 
data. The recording system consisted of an aluminium 
scaffolding tower situated lm upstream of the confluence with 
Ennerdale Water and 16m downstream of the fyke nets-. The 
scaffolding tower supported an Ikegami ICD-42E CCD camera 
together with one infra red lamp at a height of 2.1m above the 
stream bed. Both camera and lamp were powered using a single 
12 Volt DC cell situated on the bankside connected by a 5m 
length of 2 core power cable (Fig. 2) . 
Photographic images of migrating charr were taken against a 
white background constructed from a section of 9mm gauge 
polypropylex plastic measuring 1.2m x 1.8m placed lm upstream 
of the scaffolding tower. A 3 0cm spaced grid was constructed 
on the surface of the sheet using adhesive tape to enable fish 
lengths to be estimated. A channel to guide fish over the 
filming zone was constructed using sand bags and boulders 
which were built up above the stream water level on either 
side of the polypropylex sheet. 
Video signals were passed via a 60m length of coaxial cable 
from the camera to a SVHS time lapse video recorder (type 
Panasonic AG672 0A) and 17 inch monochrome monitor. Computer 
programs were used to record fish movements. Power for these 3 
units was provided by a 240 Volt earthed generator. 
4. Results 
The data collected from both streams are presented in 
Appendices 1 and 2. The tag codes of fish originally caught in 
1991 are prefixed by a 'K', 1992 fish have tag codes prefixed 
by '¥', 'S', or 'B', while 1993 tag codes are prefixed with 
'E' or 'H'. 
The results of the chi-squared analysis are shown in 
Appendices 3 and 4. The morphometric and meristic data is 
presented in Appendix 5. 
4.1 1992 data 
A total of 247 fish (1.44 male and 78 female, differing 
significantly from a 1:1 sex ratio, p<0.05) was caught in 
Smithy Beck (from four sampling sessions) and 101 (79 male and 
22 female, differing significantly from a 1:1 sex ratio, 
p<0.05) from the River Liza (from one sampling session). In 
the former case 30 (12%) of the 247 fish were recaptures,"16 
(53%) of these had lost their tag. In the case of the Liza 
only one fish out of the 101 was a recapture. The term 
'recapture' encompasses any marked fish from a previous year, 
fish tagged in the current year but had lost its tag and fish 
originally tagged'in one stream and subsequently recaught in 
the other during the same year of study. 
Fig. 2 Video Recording System (schematic) 
Smithy Beck (1992). 
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4.2 1993 data 
70 fish (45 male and 25 female, differing significantly from a 
1:1 sex ratio, p<0.05) were caught from Smithy Beck from one 
sampling session. 32 (46%) of these 70 fish were recaptures of 
which 11 (34%) had lost their tag. 77 fish (48 male and 29 
female, differing.significantly from a 1:1 ratio, p<0.05) were 
caught from the first sampling session in the Liza. Six (8%) 
of these fish were recaptures and.three of these had lost 
their tag. The condition of the adipose fin on these fish 
indicates that they had been tagged in either 1991 or 1992. 
The second sampling session yielded 9 fish (3 male and 6 
female, no significant difference from a 1:1 ratio, p>0.05). 
4.3 Recapture data 
The recapture results obtained, expressed as a percentage of 
the number originally tagged, indicate that 6% of the 1991 
tagged fish from .Smithy Beck were recaptured in 1992, 8% of 
the fish tagged from Smithy Beck in 1992 were recaptured in 
1993, and 2% of the fish tagged in the Liza in 1992 were 
recaught in 1993. One fish tagged in 1991 was recaught in 
1993. These results do not take into account factors such as 
variation in sampling methodology or time of sampling. Adipose 
fin clipped fish which had lost their tags were not included 
for the purpose of these calculations. 
4.4 Smithy Beck 
4.4.1 Length frequency analysis 
Due to their relatively slow growth rate age determination of 
charr was not feasible from a length frequency distribution, 
but inferences can be made from mean length at age data 
reported by Partington and Mills (1988) for Ennerdale charr. 
The majority of fish in 1992 would appear to be between 5 and 
9 years old. Compared with the 1991 data there is a modal 
shift to the right indicating the presence of more older fish 
in the spawning population (Fig. 3). 
In 1993 sampling was limited to one session on Smithy Beck and 
two on the Liza, consequently, fewer fish were caught. 
However, the length frequency distribution for the male 
component of the run shifted toward the older age group, 
consisting of fish aged between 7 and 9 years, whereas in 
previous years there were representatives from the younger 
year classes (mainly 5 and 6 years old). This may reflect 
sampling bias due to the limited nature of the data or poor 
recruitment. The length frequency distribution of the females 
was similar to that obtained in 1992 (between 5 and 9 years 
old) (Fig. 4). 
4.4.2 Analysis of time series data, 1992 
4.4.2.1 Abundance and period of residency 
Fig. 5' shows the rate of change in abundance of upstream 
migrants during the period 18.00 and 08.00 hours from the 
Fig. 3 Length Frequency Distribution of Arctic Charr 
in Smithy Beck (1992) with Inferred Age Classes 
Number of fish 
Fig. 4 Length Frequency Distribution of Arctic Charr 
in Smithy Beck (1993) with Inferred Age Classes 
Fig. 5 Variation in the Abundance of Upstream Migrants 
of Arctic Charr in Smithy Beck based on Hourly Data 
Total caught 
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12/11/92 to the 14/11/92 and for the 17/11/93. The data 
reveals that most of the upstream migrants entered Smithy Beck 
by 21.00 hours and thereafter numbers varied between 0 and 6 
fish migrating per hour. Males dominated the run with 
statistically significant differences .from a 1:1 ratio being 
observed on three occasions during the peak of the run (Fig. 
6, Appendix 3). 
Examination of the directional behaviour pattern of" the 
upstream migrants indicates that during and after the initial 
surge of upstream migration there is a gradual cumulative 
increase in the downstream count during the night. Fig. 7 
shows that by the end of the sampling session there is a 
discrepancy between the number of tagged fish caught in the 
upstream net and the subsequent recapture of these fish in the 
downstream net. Between 25% and 66% of the upstream fish 
remain unaccounted for by 08.00 hours the following day (Fig. 
8). 
There is some evidence to suggest that-charr may remain 
resident in the stream during daylight hours. FL3 migrated 
upstream at 02.00 hours on the 13/11/92 and was not recorded 
moving downstream when netting ceased at 08.00 hours. When 
netting was resumed on the evening of the 13/11/92 FL3 was 
recorded moving downstream at 20.00 hours giving it a 
potential residence time of 18 hours. Alternatively, it is 
possible that the fish had migrated downstream into the lake 
after 08.00 hours on the 13/11/92 and then migrated back 
upstream into the beck before the nets were set at 18.00 
hours, subsequently being recaptured moving downstream at 
20.00 hours. 
A similar situation arises for FL6 which migrated upstream at 
05.00 hours on the 13/11/92 and was not recorded in the 
downstream net until 20.00 hours on the 13/11/92 giving it a 
potential residence time of 15 hours, unless a downstream and 
upstream migration was undertaken between sampling sessions. 
4.4.2.2 Recaptures 
On the evening of the 12/11/92 there was a recapture component 
in nearly every upstream run (Appendix 1). The bulk of the 
fish were caught between 17.00 and 21.00 hours and the 
percentage of fish that were recaptures were 28% (n=32), 16% 
(n=38), 42% (n=12) and 37% (n=19). The male:female ratio of 
these recaptures was initially 3.5 : 1.0 (p>0.05) followed by 
runs characterised by an all male component (n=6, 5 and 7, 
p<0.05). Although the total numbers caught were lower, this 
pattern for -recaptured fish was also evident for samples taken 
on the evening of the 13/11/92 where the major part of the run 
had taken place by 20.00 hours, although fish continued to run 
until 24.00 hours. The percentage recaptures for the' period 
18.00 to 24.00 hours were 19% (n=48) and 100% on four 
occasions (ri=3, 1, 1, 2), no fish being caught at 23.00 hours. 
The male:female ratio was 2.3 : 1.0 and 2.0 : 1.0 (p>0.05), • 
with subsequent records of 1 male, 1 female, and 2 females. -
Fig. 6 Numerical Variability of Male and Female Upstream 
Migrants of Arctic Charr in Smithy B. (12/11/92). 
Statistically Significant Ratios Shown 
Fig. 7 Initial catch of upstream migrants followed by 
cumulative frequency of downstream recaptures of the 
initial catch 
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4.4.2.3 Multiple recaptures 
The phenomenon of repeat spawners i.e. the same fish taking 
part in the spawning migration on different days was noted in 
Smithy Beck during this survey and was also in evidence during 
the 1991 survey. It is suggested that this forms part of their 
natural pattern of behaviour with both females and males 
making successive upstream migrations. For example, males FM5 
and FR6 were recorded making upstream migrations on 3 
different days (Table 2) and females FF2 and FW3 made upstream 
migrations on 2 successive days. Successive runs can stretch 
over a period of time as indicated by FM5 and FR6 which were 
first recorded making an upstream migration on 07-08/11/92 and 
when sampling resumed three days later they were again found 
to be involved in the spawning migration. 
It seems unlikely that the netting exercise significantly 
altered the directional behaviour of the fish since after the 
initial capture and subsequent release the residence time of 
the fish in the beck was found to be 12 hours for FM5 (Table 
2, session 2), 14 hours for FR6 (session 2), 6 hours for FF2 
(session 3) and 13 hours for FW3 (session 2)-. Residence times 
for the other sessions are not available because the fish were 
not recaptured making a downstream migration on those 
occasions. 
4.5 River Liza 
4.5.1 Length frequency analysis 
Fig. 9 shows the length frequency distribution of the catch 
from 1992. By inference to the work of Partington and Mills 
(1988) the age composition of the sample appears to range from 
6 to 9 which is essentially the same as that observed in 
Smithy Beck. The length frequency distribution for the 1991 
data is shown for comparative purposes but is only based on 21 
fish. It is noticeable however that the age range of the 1991 
fish was from 5 to 8, but as with Smithy Beck there is a shift 
towards the larger, and thus older, fish in 1992. 
The age composition of the fish caught in 1993 ranged from 5 
to 9 (Fig. 10). In comparison to the 1992 data the male 
component of the run was dominated by older fish (8 to 9 years 
old) while the female component was dominated by younger fish 
(5 to 7 years old). 
4.5.2 Abundance 
100 new fish were caught and tagged on the 06/11/92. In 
addition there was one fish (K82, female) which was originally 
captured and tagged in Smithy Beck in 1991. 
No time series data was recorded for the Liza in. 1992, but the 
data suggests that the characteristics of the run may not be 
the same as for Smithy Beck. 30% of the total number of fish 
were caught between 22.00 hours 06/11/92 and 01.10 hours 
07/11/92. During a comparable time period on Smithy Beck few 
upstream fish were recorded (12-14/11/92). Time series data 
Table 2 Multiple recaptures of migratory charr in Smithy Beck (1992) 
Fig. 9 Length Frequency Distribution of Arctic Charr 
Sampled from the River Liza (1992) 
Fig. 10 Length Frequency Distribution of Arctic Charr 
Sampled from the River Liza 
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obtained in 1993 for the Liza shows that there was a time 
delay before reaching peak abundance of upstream migrants 
compared to Smithy Beck (Fig. 11). 
In 1992 males dominated the catch with, sex ratios of 3.1 : 
1.0, 2.9 : 1.0, and 2.3 : 1.0 on the three sampling occasions. 
All of these were significantly different from a 1 : 1 ratio 
as determined by chi-squared analysis (Appendix 3). 
With the exception of one hourly sample there was no 
significant difference from a 1:1 sex ratio of upstream 
migrants in 1993 (Appendix 4). 
4.6 Stream specificity 
One of the recommendations of the 1991 report was to ascertain 
whether the charr observed in the River Liza and Smithy Beck 
are distinct spawning populations. In the 1991 study there was 
only one record of 'straying' and that was a female (K78) 
originally caught on the 18/11/91 in Smithy Beck and 
subsequently recaptured on the 20/11/91 in the Liza. The fact 
that only a single event was recorded probably relates to the 
small sample size obtained from the Liza (21 fish). In 
contrast, 101 fish were caught from the Liza in 1992 (06-
07/11/92) and two of these were subsequently caught in Smithy 
Beck on the 07-08/11/92 with a further 9 during the period 
11/11/92 to 14/11/92. Of these 11 fish 9 were males and 2 
females. The directional behaviour pattern of these fish is 
shown in Table 3. F9 3 was the only fish to have been recorded 
as making an upstream/downstream pass within a sampling 
session. The whereabouts of the other fish were not accounted 
for within the sampling programme. Further work is required to 
determine the degree of stream specificity. 
4.7 Growth of fish recaptured in 1992 
Ten (6%) of the 161 fish that were originally caught and 
tagged in 1991 appeared in the 1992 catch, 8 males and 2 
females (Table 4). Two of these had lost their tag and the 
rest showed growth increments of between 0.6 and 2.5cm which 
agrees with the growth rates recorded by Partington and Mills 
(1988) for the same size range of fish. 
4.8 Growth of fish recaptured in 1993 
Twenty (8%) of the 247 fish tagged in 1992 were recaptured in 
1993. In addition, a fish originally tagged in 1991 was also 
recaptured. The growth rates of these fish are shown in Table 
5. Apart from a few anomalies (negative growth rates due to 
measuring errors) the growth increments were essentially the 
same as for 1991 fish which were recaptured in 1992.' 
4.9 A model for estimating the spawning population 
In view of the fact that a proportion of each upstream run 
consists of recaptured fish (from the same year of sampling)-
the following model is proposed to provide a theoretical value 
for the population of migrants over the spawning period based 
Fig. 11 Variation in the Abundance of Upstream Migrants 
of Arctic Charr in the River Liza and Smithy Beck 
Table 3 Arctic charr first caught in the Liza and subsequently 
recaught in Smithy Beck (1992) 
Table 4 Growth of charr 1991-1992 
? = unusually high growth rate 
Two recaptured fish from 1991 had lost their tag 
Table 5 Growth of charr recaptured in 1993 
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on the data available. The time series .data for the 12/11/92 
to 14/11/92 has been used and for the purpose of this exercise 
it is assumed that this data is representative of the spawning 
period. 
4.9.1 Smithy Beck 
Total number of fish caught on 12/11/92 = 116 
Total number of recaptures = 29 
Percentage of recaptured fish = 25% 
Total number of fish caught on 13/11/92 = 56 
Total number of recaptures = 16 
Percentage of recaptured fish = 28.6% 
Therefore total number of fish caught over the 2 days =172 
Total number of recaptures over the 2 days = 45 
Average percentage recapture = 26.2% 
If 172 fish run over 2 days then an average of 86 fish run/day 
On the first day of sampling all 86 fish will be new 
On subsequent days 26.2% of the daily catch will be recaptures 
i.e. 23 fish/day, therefore 63 new fish run each day. 
If the run lasts for 14 days (it was found to be at least 10 
days during the 1992 survey) then 905 new fish enter Smithy B. 
4.9.2 River Liza 
Let us assume that 101 fish enter the Liza every day (based on 
1 day's data, 06-07/11/92). On the first day of sampling all 
101 fish will be new. 
If the same average percentage recapture rate as for Smithy B. 
is applied i.e 26.2% then 75 new fish enter the Liza on each 
subsequent day. Reliable estimates of the recapture rate for 
the Liza were not obtained but the time series data for 1993 
suggests that it is less than that recorded in Smithy Beck. 
Over 14 days the number of new fish entering the Liza would be 
1076. 
4.9.3 Theoretical value of total spawning population 
On 06-07/11/92 11% of the fish caught in the Liza subsequently 
appeared in Smithy B., therefore if it is assumed that 11% of 
Liza fish will ascend Smithy B., then 118 of the 1076 fish in 
the Liza will ascend Smithy B. 
1076 - 118 = 958 new fish in the Liza over 14 days 
Therefore, bearing in mind' all the assumptions and the fact 
that there is no data at present to show a lake spawning 
component, the theoretical value of the total spawning 
population of Arctic charr in Ennerdale Water is: 
905 + 958 = 1863 fish 
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4.10 Infra red photography of migrating charr 
Approximately 2 hours of video tape were recorded, commencing 
at 17:00 hours, 12/11/92. Only 20 minutes of the video record 
produced images of sufficient clarity to identify 8 upstream 
migrating fish. The scaffolding tower proved successful at 
holding the camera and lamp steady, although fish length data 
proved impossible to collect due to a broken water surface 
attributable to water turbulence over the white contrast 
medium. The walls of the temporary.channel were constructed 
with boulders and sand bags which were time consuming to 
prepare and difficult to deploy. The placement of these bags 
and boulders proved to be critical in determining the level of 
turbulence. 
4.11 Morphometries and meristics 
A summary of the results is shown in Appendix 5. Total gill 
raker count (GRT), number of gill rakers on the lower arm 
(GR1), and branchiostegal ray counts (BR) were comparable to 
that recorded by- Partington and Mills (1988) as shown below. 
5. Discussion 
The time series data for Smithy Beck shows that peak upstream 
migratory activity appears to occur by 21.00 hours after which 
the number of upstream migrants falls to a low level. The 
situation may be similar in the Liza but with a slight time 
lag factor. This can have implications for the design of 
future sampling strategies in that the period from 17.00 to 
21.00 hours can be targeted to acquire the maximum amount of 
data within a given time. A similar situation was recorded by 
Frost (19 65) who observed that autumn lake spawners in 
Windermere (Red Nab) congregate in the region of the spawning 
area around 15.30 and 16.00- hours, moving close inshore at 
dusk. Peak numbers were observed between 18.00 and 20.00 
hours. In direct contrast to this and the results from the 
River Liza and Smithy Beck, spawning activity in the River 
Brathay (Purdom's Dub) was observed between 10.30 and 16.00 
hours. 
The data from Smithy Beck suggests that the fish tend to run 
soon after the sun has set and do so in a large pulse. The 
fyke net on Smithy Beck was set a short distance from the lake 
(20m), the initial catch have been large and preceded by a 
zero catch. On the Liza the time series data for 1993 
confirmed the suggestion from the 1992 survey that the peak of 
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the run occurs slightly later than in Smithy Beck (1 to 2 
hours later. This time delay may be due to the fact that the 
upstream net in the Liza was set 2 00m away from the lake (the 
most practicable position available) and may be an indication 
of the time taken by the fish to move that distance. It may 
also reflect the prevailing conditions at the time of. sampling 
e.g. a bright moon may inhibit the run. The only way to 
establish the characteristics of the run would be to 
simultaneously sample the River Liza and Smithy Beck. In 
addition, unlike Smithy Beck, there does not appear to be an 
immediate surge of fish but a relatively more gradual 
increase. On the 18/11/93 the hourly catches from 17.00 hours 
to 20.00 hours were 0, 2, 4, and 24. 
There were very few downstream records of fish in the Liza 
(1992 and 1993) and this may be indicative of the time 
required to reach the spawning grounds and then make the 
return journey to the lake. 
The results to date show that males tend to be the more 
abundant of the sexes in terms of total numbers during the 
sampling period and with respect to the'composition of each 
upstream sample, although this was not always statistically 
significant from a 1:1 ratio. In contrast, Frost (1965) found 
that females dominated the spawning population in the Brathay. 
Males were first to arrive at the spawning ground with the 
number of females steadily increasing. There was no evidence, 
of this in the results from the River Liza and Smithy Beck 
where both sexes arrive together. 
Frost (1965) found that the age range of River Brathay 
spawners from Lake Windermere was between 5 and 9 years for 
both sexes and this agrees with the inferred age classes for 
Ennerdale charr. The 12 fish that were aged using otoliths 
were found to be between 5 and 7 years old and this is 
comparable to the results obtained by Partington and Mills 
(1988) for fish of the same length range. 
The apparent discrepancy between upstream and downstream 
counts observed in the time series data from Smithy Beck 
suggests that charr may remain in the beck during daylight 
hours. Escapement is an unlikely explanation•for this 
discrepancy in view of the robust methods used and the 
relatively large numbers of fish remaining in the beck at the 
end of the sampling period. Tag loss rate was too low to have 
contributed much to the phenomenon. One possible explanation 
is that the fish continued to drop back into the beck after 
the netting exercise was completed, at 08.00 hours. The 
potential for this is indicated by the presence of fish in the 
downstream net at 08.00 hours on the 13/11/92. Frost's (1965)^ 
results from the Brathay shows that males and females stay in 
the .River 'Brathay during the spawning period (mean duration of 
stay being- 13 days and 4 days respectively) .. 
The results on stream specificity, if somewhat tentative, 
suggests that there is a degree of interaction between 'Liza 
charr' and 'Smithy charr'. 11% of the fish caught in the Liza 
in 1992 were subsequently recaptured in Smithy Beck in the 
11 
same spawning period. There was also evidence to show between 
year variation, for example K82 (female) was originally caught 
in Smithy Beck in 1991 and recaptured in the River Liza in 
1992. In contrast, Frost's (1965) investigations on tagged 
charr showed no evidence of straying between the river and 
lake spawners or between the spring and autumn spawners in the 
lake. The electrophoretic study carried.out by Partington and 
Mills (1988) showed that, at the level of analysis undertaken, 
there was no evidence to suggest the presence of two spawning 
populations of charr in Ennerdale Water. Mitochondrial and 
nuclear DNA analysis may yield further information on this 
matter. 
An important feature of the 1991, 1992 and 1993 data is the 
presence of repeat spawners (fish making successive migrations 
during the same spawning period), both female and male. The 
time series data for 1992 shows that they form an important 
component of the total run in Smithy Beck. During the period 
of peak upstream migration on the 12/11/92 the recapture 
component varied between 16% and 42%. The recapture component 
on the 17/11/93 varied between 17% and 57%. If this pattern 
were to continue oyer the whole of the migratory period then 
it indicates that the actual spawning population may be 
smaller than that initially envisaged from observations of the 
run* From a conservation view point this means that the 
spawning population may be more susceptible to perturbation. 
The reason for the presence.of repeat spawners (female and 
male) is not clear. Presumably, females do not shed eggs in 
one go while males will aim to spawn as often as possible. 
Once the cue to run has been initiated e.g. via temperature, 
odour and flow, (Naslund, 1992) then the ultimate success of 
the migration will depend upon factors such as the 
availability of partners and spawning habitat. In the case of 
the females the availability of suitable spawning area may be 
the most critical factor since males appear to be more 
abundant than females. 
In terms of the reproductive life span of charr the results 
show that some fish spawned, or at least took part in the 
spawning migration, in two consecutive years and there was one. 
record of a fish (KH7, male) which was involved in the 
spawning migration in three consecutive years. Frost's (1965) 
work on the River Brathay showed that the majority of fish 
spawned in two successive years although the reproductive life 
may be as much as four years with annual spawnings. In 
addition, there was also the possibility that some fish did 
not spawn in successive years but between 'fallow' years. 
During the course of this study VI tag loss rates of 34% 
(n=32) , 50% (n=6) and 53% (n=30) were recorded. It is 
acknowledged that a. certain proportion of these will-be due to 
incorrect insertion by the operator but the loss rates are too 
high for it to be the only factor involved. A secondary 
marking technique would be beneficial. 
Total gill raker count, number of gill rakers on the lower arm 
(GR1), and branchiostegal ray count were found to be similar 
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to that obtained by Partington and Mills (1988) for Ennerdale 
charr. Mean values for GR1 of 13.33 (this study) and 14.03 
(Partington and Mills, 1988) were slightly lower than the 15.1 
recorded by Frost (19 65). By comparison, Frost's work on the 
River Brathay population revealed the number of gill rakers on 
the lower arm to be 13.7. Partington and Mills found Ennerdale 
charr to have significantly more branchiostegal rays than 
charr from nine other British lakes (all the known English 
populations i.e. Buttermere, Coniston Water, Crummock Water, 
Haweswater, Thirlmere, Wastwater and Windermere; and also Llyn 
Cwellyn in Wales and Loch Doon in Scotland). In addition, gill 
raker counts from Ennerdale were greater than those of other 
populations except for Haweswater and Thirlmere to which they 
were similar, and Windermere spring spawners which had 
significantly higher counts than any other population 
investigated. Ennerdale charr were further separated from 
other populations by standardised orbit length (highest of the 
groups studied) and head length (second highest recorded). 
Only a small portion of the video record from Smithy Beck 
produced usable images. There were two main problems. Firstly, 
water surface turbulence was an unavoidable consequence of 
using boulders and sand bags to form the walls of the 
temporary fish channel. Sand was observed to escape from the 
bags to the lake. For these reasons the use of sand bags is . 
not recommended and it is suggested that a portable instream 
structure be developed. Secondly, as natural light decreased 
the single 12 Volt D.C. lamp proved increasingly inadequate. 
Nicholson and Aprahamian (1993) used 3 identical lamps in fish 
counter validation work at Forge Weir and reported good fish 
visibility, even at water depths of 65cm. However, water 
turbidity at Forge Weir discounted much of the video record 
and 240 Volt A.C. lamps are now used. Turbidity is not 
envisaged to be a problem in Smithy Beck,, and 3 lamps would 
therefore offer sufficient illumination in future exercises. 
Irvine et al. (1991) were successful in the use of video 
camera and computer to count and measure live juvenile 
salmonids. The technique involved the employment of an '8 
frame grabber' to digitise computer images and scan resultant 
data for the shape of a fish. The fish were filmed as they 
swam through plastic tubes. In the case of Smithy Beck this 
approach may be impractical, certainly work would be required 
to design a portable miniature fish video channel. Computer 
software already prepared for field recording of fish 
migration data (Appendix 6 and the attached 3.5" floppy disk) 
may be used to validate automatic fish counting and lengthing 
computer software, should this prove desirable in the future. 
Alternatively, the development of a portable fish.counter may 
be a viable proposition. 
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6. Conclusion 
The study demonstrates the need for more intensive work on 
both streams and the lake if the population dynamics of the 
system are to be understood. There is still a lack information 
on the overall duration of the migratory period and periods of 
peak activity during the spawning migration. The video 
recording system may provide a means of determining this. 
To date there is no evidence to suggest the presence of a lake 
spawning component of the population or that spawning takes . 
place at any other time of the year. This may well mean that 
the whole spawning population consists of approximately 2000 
fish (allowing for the recapture ratios and the movement of 
fish between the streams). Such a small spawning population, 
that is dependent on a limited amount of habitat, may 
therefore be more vulnerable to environmental pressures. 
7. Recommendations 
(1) Based on the time series data for 1992 it would appear 
that future sampling programmes on Smithy Beck can 
concentrate on the period between 17.00 and 21.00 hours 
to coincide with the probable peak of the run. However, 
it seems that this peak may be delayed if the moon is 
visible. This effect has been observed on numerous 
occasions by the Northern Area Fisheries Staff. 
Further work is required on the River Liza to obtain 
time series data that fully explains the characteristics 
of the run. 
(2) Valuable information could be generated regarding the 
characteristics of the run and stream specificity by 
simultaneously sampling both streams over consecutive 
days. 
(3) In view of the recapture component of the run it should 
be possible to investigate population dynamics by means 
of simulation models based on a more extensive data set. 
(4) To determine whether fish spawning in the Liza and 
Smithy Beck are from the same population it is suggested 
that the feasibility of using nuclear and mitochondrial 
DNA analysis be investigated. 
(5) To make an assessment of the population size (spawning 
and non-spawning stock) and its distribution in .the lake 
before and during the spawning period by the use of 
hydroacoustics. 
(6) To determine whether there is a. lake spawning component 
of the population. 
(7) To consider using a secondary marking technique in view 
of the high loss rates „of VI tags. 
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(8) To investigate the fate of charr.fry from emergence to 
emigration into the lake. 
(9) To determine the extent to which Smithy Beck is used as 
a spawning site by locating the number of redds. 
(10) To obtain a representative sample of charr for age-
determination, morphometries and meristics. 
(11) To consider a parallel study using comparable 
methodologies on the River Brathay (Lake Windermere) 
which has the only other known English population of 
charr to spawn in running water. 
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Appendix 1 
U/S Fyke 
Date Time Sex Lgth-(cm) 
Appendix 1 Sex, length and tag number of charr recorded in Smithy Beck (1992) 
U/S Fyke 
Appendix 1 Sex, length and tag number of Arctic charr recorded in Smithy Beck (1992) 19 
Appendix 1 • 2 0 
U/S Fyke 
Appendix 1 2 1 
U/S fyke 12/11/92 19.00 (Continued) 
Appendix 1 22 
U/S Fyke 
Appendix 1 2 3 
D/S Fyke 
Appendix 1 2 4 
Appendix 1 25 
Appendix 1 
Appendix 1 
U/S Fyke 
Date Time 
13/11/92 20.00 
27 
Appendix 1 28 
Appendix 1 2 9 
Appendix 1 
Appendix 2 Sex. Length and tag number of Arctic charr recorded in Smithy Beck (1993) 3 1 
Appendix 2 3 2 
D/S Fyke 
Appendix 2 . 3 3 
D/S Fyke 
Appendix 2 3 4 
U/S Fyke 
U/S Fyke 
Date Time Sex Length (cm) Tag No. Recaptured Fish 
18/11/93 21.00 Male ' 31.7 E32 Male 34.1 Retagged as E36 
Appendix 2 35 
v
Appendix 2 36 
U/S Fyke 
Appendix 2 37 
Sex, length and tag number of Arctic charr recorded in the River Liza (1993) 
The foUowing data was recorded for the Liza on the 22/11/93. All fish were collected 
from the upstream fyke net. 
Date Sex length (cm) Tag No. Recaptured Fish 
22/11/93 Male 32.0 HA3 Male 31.7 HB1 Retagged 
Female 26.7 HA4 
Male 32.2 HA5 
FemaLe 27.5 HBO 
Female 29.0 HB2 
Female- 29.2 HB3 
Female 26.1 HB4 
Female 28.4 HB5 
Appendix 3 Chi-squared analysis of the sex ratios to determine significant 
differences from a 1:1 ratio, 1992 
Appendix 4 Chi-squared analysis of the sex ratios to determine significant 
differences from a 1:1 ratio, 1993 
Smithy Beck 
Appendix 5 Morphometric and meristics data of Ennerdale charr 
Appendix 6: Computer Program Listings 
Programs EC920SDA.EXE & ECRES.EXE were compiled using QuickBasic (version 4.5). Both 
programs work directly from the DOS command line. No software licence is 
required. 
Program Usage 
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